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Abstract 
In this work we report the characterization of Cobalt doped ZnO (x=0.06) nanocrystals with  different pH values by using 
microwave irradiation technique.  The average crystallite sizes were calculated by using Debye-Scherrer formula and it is 
concluded that the crystals are in nanometer size.  The Fourier Transform Infrared spectroscopy analysis shows the formation of
metal oxide bond around 450 cm-1.  The microraman analysis confirmed the existence of Co-O phase at 690 cm-1in the as 
prepared samples, but there is no secondary phase was found in the different pH samples.  The samples synthesized in different 
pH values shows the room temperature ferromagnetic behavior. 
© 2014 The Authors. Published by Elsevier B.V. 
Selection and peer-review under responsibility of Department of Physics, Indian Institute of Technology Guwahati. 
Keywords: Microwave, Different pH, Metal Oxide, Ferromagnetism. 
1. Introduction
The diluted magnetic semiconductors (DMS) based on III–V or II–VI compounds show ferromagnetism 
only at very low temperatures, here this oxide based DMSs exhibit ferromagnetism even at room temperature.  
Development of room temperature ferromagnetic semiconductor materials is essential for advancing spintronics 
technology.  These materials would open prospects for room temperature performance of spin-injection devices. 
They are also optically transparent enabling them to be promising candidates for magneto-opto-electronic 
applications.  The semiconductor oxides especially ZnO got more attention Fukumura et al. (1999), Hays et al. 
(2007) due to the proposed possibility of room temperature ferromagnetism (RTFM) in ZnO based DMS. 
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2. Experimental techniques
Co doped ZnO nanocrystals synthesis was carried out follows.  Ethylene glycol was used as a solvent as 
well as capping agent.  The pH values of 50ml ethylene glycol solvent were increased by adding NaOH solution of 
1N drop by drop.  To decrease the pH value 1N HCl solution was added drop by drop in the solvent.     In a typical 
experiment, 94 mole % of Zinc acetate dihydrate and 6 mole % of Cobalt acetate tetra hydrate were dissolved in 50 
ml of ethylene glycol of standard pH with under vigorous stirring at room temperature for 10 minutes.  After that a 
clear transparent solution was obtained. The solution was kept in a domestic microwave oven of 500 watts, due to 
microwave heating solvents were evaporated.  A precipitate was formed at the bottom.  The precipitates were 
carefully collected and washed with deionized water several times to remove the ions possibly remaining in the final 
products, and then washed acetone with  few  times to remove the unwanted organic compounds present if any 
there. For as prepared samples the solvent ethylene glycol is used as it is received. In this paper, we report the 
preparation and the magnetic characteristics of ZnO samples doped with cobalt at 6%. We focus the investigation of 
the magnetic responses from the insertion of Co2+ ions at the sites of Zn2+ ions.  The crystal structures were 
characterized by X-ray Diffraction (XRD) analysis.  Morphology and structures were observed by Scanning 
Electron Microscopy (SEM).   The functional groups present in the samples were identified by Fourier Transform 
Infrared Spectroscopy (FTIR) and the elemental compositions present in the samples were confirmed by Energy 
Dispersive X-ray analysis (EDX). The Micro-Raman analysis was employed to find the vibrational modes present in 
the samples.  The magnetic properties of the samples were measured by using vibrating sample magnetometer 
(VSM).
3. Result and Discussion  
3.1 Structural Characterization 
3.1.1. XRD 
 Figure 1(a) and 1(b) shows the glancing angle X-ray diffractograms (XRD) of the microwave irradiated 
Zn0.94Co0.06O nanoparticles of as prepared and different pH assisted samples annealed at 400°C.  In these 
diffractograms, all the observed peaks were found correspond to wurtzite structure of ZnO (JCPDS card no.89-
1397).  No peaks corresponding to either Co metal or any of its oxides were observed in any of the diffractograms, 
which indicates that there is no additional phase present in Zn0.94Co0.06O crystals and also the Co ion successfully 
occupies the lattice site rather than interstitial ones. Due to the introduction of Co atoms in the ZnO lattice, there 
may be lattice strain associated with the doping and as a result a decrease in intensity and higher FWHM is expected 
in as-doped ZnCoO NCs. However, we cannot exclude the possibility of formation of other precipitates or clusters 
small enough not to be detected in conventional XRD measurement.  The lattice parameters for Zn0.94Co0.06O
samples annealed at 400°C are found to be slightly smaller than that of pure ZnO.  This decrease in lattice parameter 
is indicative of substitution of Co2+  in the ZnO lattice and also the role of strain in the crystal structure, since the 
ionic   radius of Co2+ (0.58 Å) is smaller than that of Zn2+ (0.60 Å) in the tetrahedral coordination system Sarsari et 
al. (2011).  We deduce that the small changes in the lattice constant are due to the partial substitution of zinc by 
cobalt.  It is known that the peak broadening occurs due to decrease in crystallite size and also due to decrease in the 
lattice strain. The average crystallite sizes for all samples were estimated using the well known Debye-Scherer 
relation Varadhaseshan et al. (2012) shown in equation (1) with respect to the (101) peak of ZnO using the 
parameters derived from the X-ray diffraction patterns. 
     ܦ ൌ ଴Ǥଽఒ
ఉ ୡ୭ୱ ఏ
    (1) 
where Ȝ, ș and ȕ are the X-ray wavelength (1.5418 Å), Bragg diffraction angle and full-width at half maximum 
(FWHM) of diffraction peak (101), respectively.    It is concluded that the crystallite sizes  decrease with increase of 
pH value  and are in the range from 23.13 nm to 18.42 nm  which is higher than the as prepared sample size of 
7.16nm.  These results confirmed the ZnCoO powders agglomeration when synthesized in acidic and neutral 
conditions (pH 6 and 7). Fine powders were obtained when the pH of the solution was increased to 12.     Table 1 
show the unit cell parameters and crystal size of the as prepared and different pH value samples annealed at 400°C. 
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    Fig. 1(a) XRD spectrum of as prepared Zn0.94Co0.06O      
Fig. 1(b) XRD patterns of Zn0.94Co0.06O nanocrystals at different pH values
Table 1:  Lattice parameters and size of the as prepared and different pH value Zn0.94Co0.06O nanocrystals from XRD analysis. 
Lattice Parameters As prepared   6 Mole % of Co doped ZnO
At pH6 At pH8 At pH10 At  pH12 
a (Å) 3.251 3.244 3.247 3.241 3.238
C (Å) 5.209 5.206 5.219 5.186 5.173
c/a ratio 1.6022 1.604 1.607 1.600 1.5975
volume of the Unit 
Cell (Å)3 47.65 47.25 48.12 47.74 47.85 
D (nm) 7.16 23.13 21.4 20.06 18.42 
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 Fig. 2 TEM image of Zn0.94Co0.06O nanocrystals at pH 8                       Fig. 3 EDX analysis of Zn0.94Co0.06O at pH 8
The structure and size of the samples was analyzed by TEM images.  Fig. 2 shows the TEM image of  Zn0.94Co0.06O
nanocrystals at pH 8. From the image it is concluded that the crystals were hexagonal structure  and are distributed  
from 10 – 30 nm .  From Fig. 3 EDX analysis confirmed the samples were composed by Zn, Co and O.
3.1.2. Fourier Transform Infrared spectroscopy analysis 
 
          The hexagonal wurtzite structure of Cobalt doped ZnO nanocrystal was further examined by FTIR analysis. 
The FTIR spectra of the synthesized samples were recorded by KBr pellet technique is shown in Fig. 4.  The main 
absorption band around 3400 cm-1 represents O-H mode Faheem Ahmed et al. (2012).  The peak around 2900 cm-1 
is due to C–H (acetate) stretching.  The absorption peak around 2335 cm-1 is due to the existence of CO2 molecule in 
air Shiv Kumar et al. (2011).  Two principal absorption peaks are observed between 1650 and1400cm-1
corresponding to the asymmetric and symmetric stretching of the carboxyl acetate group (C=O) respectively 
Elilarassi and Chandrasekaran (2011).  The absorption band near 1000 cm-1   is attributed to the bonds between 
inorganic elements. The absorption band at ~450 cm-1 might be due to the stretching mode of Zn-O Shiv Kumar et 
al. (2011), Pandiyarajan and  Karthikeyan (2013).  
Fig. 4 FTIR spectrum of Co doped ZnO nanocrystals 
3.1.3. Raman spectroscopy  
Raman spectroscopy is the best tool for micro structural analysis and to identify the impurity phase present 
in the sample.  Fig. 5 shows the Raman spectra of Zn0.94Co0.06O nanocrystals recorded at room temperature.  
According to the theoretical predictions ZnO is C6v crystal symmetry and gives six Raman-active modes due to the 
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first-order phonon.   These modes are represented as E2 (low), A1 (TO), E1 (TO), E2 (high), A1 (LO) and E1 (LO) 
respectively Damen et al. (1966).  Our Raman spectrum confirmed the signals around 320, 430, 539, and 670 cm-1.      
The modes 320 cm-1, 430 cm-1 correspond to ZnO Raman mode of   E2(high) - E2(low), E2 (high) respectively.     
Raman mode ~670 cm-1 in Co doped ZnO is characteristics of Co3O4 phase Sato Berru et al. (2007) present only in 
as prepared sample.    An additional mode 533 has appeared this might be due to vibrational modes of Co doped 
ZnO.  Sato-Berru et al. also observed this peak in Co doped ZnO nanoparticle system.  This additional vibrational 
mode intensity increases with the increase in concentration of Co doping.  The vibrational modes and their 
frequencies with respect to doping concentration are shown in Table 2.  
Table 2:  Vibrational modes present in the as prepared and different pH assisted synthesized Zn0.94Co0.06O samples from Raman spectra 
Fig. 5 Raman spectrum of Co doped ZnO nanocrystals 
3.2 Vibrating Sample Magnetometer (VSM) analysis 
 Room temperature M-H plot of Co doped ZnO nanocrystals as prepared and different pH assisted 
synthesized samples measured by VSM instrument is shown in Fig. 6(a) and (b).  From figure 6(a) the as prepared 
samples exhibits paramagnetic nature.  This might be due to the existence of Co3O4 phase which is confirmed by 
Raman spectra.  The existing impurity phase Co3O4 is paramagnetic in nature Kanwal Preet et al. (2008).  From 
figure 6(b) the hysteresis curves clearly indicate that the different pH assisted synthesized samples exhibit 
ferromagnetic nature.  The observed ferromagnetic behavior of all pH assisted samples was due to the incorporation 
of Co ions in the Zn site.  Because of any other ferromagnetic impurity phases was not found in this samples.    It is 
evident from the inset coercivity values were found to be 407, 382, 332 and 432 Oe and retentivity is 0.000134, 
0.000127, 0.0001238, and 0.0001058 emu/g  respectively corresponds to the pH value of the solvent  6, 8, 10 and 
12.   The saturation magnetization  decreases with the increase of pH of the solvent.  
Assignments Vibrational modes (cm-1)
As prepared At pH6 At pH12
ZnO Raman mode 320 327 324
ZnO Raman mode 428 435 431 
Co doped ZnO  539 539 543
Co3O4 phase in Co doped ZnO 670 - -
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Fig. 6(a) M-H Curve of as prepared Zn0.94Co0.06O Fig. 6 (b) M-H curve of different pH samples 
4. Conclusion 
In summary, the microwave assisted synthesis of Co doped ZnO nanocrystals and different pH value 
assisted samples of average size 7nm and 23nm have been obtained. The structure of the as prepared and pH 
samples are single phase hexagonal wurtzite without any impurity phase was confirmed by XRD patterns.  The 
morphology of the pH samples were examined by SEM images with  spherical in shape. The sample compositions 
were confirmed by EDX analysis.   The FTIR analysis confirmed the existence of metal oxide bond around 450 cm-1
in all samples.   The presence of Co3O4 impurity phase in as prepared samples was confirmed by Raman analysis.    
However the dopent induced ferromagnetic behavior was suppressed by the paramagnetic impurity phase like Co3O4
in the as prepared samples.  However RTFM was observed in all pH value samples due to Co incorporation.  Thus 
the particle size decreases with the increase of pH of the solvent which results the reduction in saturation 
magnetization 
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